(B1) The principal physical quantities used by the Commission are the activity of an amount of radionuclide and the absorbed dose from radiation in matter. The absorbed dose is weighted for radiological protection purposes, resulting in a number of relevant dosimetric quantities.
(B2) Activity: The activity, A, of an amount of a radionuclide is de®ned as (ICRP 1991a, paragraph 37) :
The average number of spontaneous nuclear transformations taking place per unit time. Its unit is the reciprocal second, s À1 , given, for this purpose, the special name becquerel (Bq).' (B3) Dosimetric Quantities: The Commission has indicated that (ICRP 1991a, paragraph S4):
It uses``dose'' as a generic term that can apply to any of the relevant dosimetric quantities. The Commission also uses the term``exposure'' in a generic sense to mean the process of being exposed to radiation or radioactive material. The signi®cance of an exposure in this sense is determined by the resulting doses.' (B4) The dosimetric quantities have been summarised by the Commission as follows (ICRP 1991a , paragraph S2):
The principal dosimetric quantities in radiological protection are the mean absorbed dose in a tissue or organ, D T , the energy absorbed per unit mass; the equivalent dose in a tissue or organ, H T , formed by weighting the absorbed dose by the radiation weighting factor, w R ; and the eective dose, E, formed by weighting the equivalent dose by the tissue weighting factor, w T , and summing over the tissues. F F FThe unit of absorbed dose is the gray (Gy), and the unit of both equivalent and eective dose is the sievert (Sv).'
The links between the fundamental quantities are illustrated in Fig. B.1 . (B5) The dosimetric quantities relate to individuals and are often supplemented by their collective analogues, which are given by the product of the mean relevant dose in a group of individuals and the number of individuals in the group. Both individual and collective doses may be quali®ed by adjectives such as annual, additional, averted, projected, residual, committed, and lifetime. Following an intake to the body of a radioactive material, there is a period during which the material gives rise to equivalent doses in the tissues of the body at varying rates. The time integral of the equivalent-dose rate is called the committed equivalent dose. H T t, where t is the integration time (in years) following the intake. If t is not speci®ed, it is implied that the value is 50 years for adults and from intake to age 70 years for children. By extension, the committed eective dose, Et, is similarly de®ned. When the Commission refers to an equivalent or eective dose accumulated in a given period of time, it is implicit that any committed doses from intakes occurring in that same period are included.' (B7) Dose commitment: The Commission also indicated that (ICRP 1991a, paragraph 33):
The dose commitment is a calculational tool. It can be assessed for a critical group as well as for the whole world population. It is de®ned as the in®nite time integral of the per caput dose rate due to a speci®ed event, such as a unit of practice (e.g. a year of practice).' (B8) Collective dose: The Commission has referred to dosimetric collective quantities as follows (ICRP 1991a, paragraphs 34 and 35):
The dosimetric quantities referred to above all relate to the exposure of an individual. The Commission uses further quantities related to exposed groups or populations. These quantities take account of the number of people exposed to a source by multiplying the average dose to the exposed group from the source by the number of individuals in the group. The relevant quantities are the collective equivalent dose, S T , which relates to a speci®ed tissue or organ, and the collective eective dose, S. If several groups are involved, the total collective quantity is the sum of the collective quantities for each group. The unit of these collective quantities is the man-sievert. The collective quantities can be thought of as representing the total consequences of the exposure of a population or groupF F F If the ranges of individual dose or time are large, it may be useful to subdivide the collective quantities into blocks covering more limited ranges of dose and timeF F F' (B9) In Publication 77, the Commission has further clari®ed its intentions regarding the use of collective dose as follows (ICRP 1997c, paragraph 20 
The unlimited aggregation of collective dose over time and space into a single value is unhelpful because it deprives the decision maker of much necessary information. The levels of individual dose and the time distribution of collective dose may be signi®cant factors in making decisions.' (B10) In addition, in relation to the estimation of collective dose over time, the Commission has indicated that (ICRP 1997c, paragraph 58):
The problems of estimating collective dose over long periods of time are those of uncertainty. Both the individual doses and the size of the exposed population become increasingly uncertain as the time increases. Furthermore, the current judgements about the relationship between dose and detriment may not be valid for future populations. No detailed guidance can be given, because some situations can be forecast with con®dence further into the future than can others. Decisions must be made on a case-by-case basis. In general, however, forecasts of collective dose over times longer than several thousand years and forecasts of health detriment over times longer than several hundred years should be examined critically.' B.1. Quantities used for prolonged exposures (B11) Annual dose: As prolonged exposures persist over time, the relevant dosimetric quantity for dealing with prolonged exposures is the committed eective dose in a speci®ed period; for practical reasons, a period of one year is chosen. The annual eective dose is, unless otherwise indicated, simply termed annual dose in this report. The annual dose is thus de®ned as the sum of (i) the time integral, over a year, of the eective dose rate due to external irradiation caused by a prolonged exposure situation, and (ii) the committed eective dose due to internal contamination from any intakes, during the year, of the long-lived radionuclides (and their short-lived progeny) involved in the situation. The unit used in this report for the annual dose is a thousandth of a sievert, i.e. millisievert (mSv), per annum.
(B12) Again, as prolonged exposures persist over time, it would be practical to use, as a collective quantity, the collective dose committed by a population in a given year of exposure. This collective annual dose is the summation of the products of the mean annual dose and the number of individuals exposed. As indicated before, although the collective dose can be used for comparing some radiological protection options, if the distribution of individual annual doses covers several orders of magnitude, the simple aggregation of individual annual doses is less useful because it combines too much diverse information. For some decisions, dierent importance may be attached to dierent levels of individual annual dose, and it would then be better to present partially disaggregated data in the form of collective dose blocks, each covering a narrower range of individual annual doses. A simplistic application of the collective dose when dealing with radiological protection options in prolonged exposure situations may be inadequate and may lead to misinterpretations or to a misallocation of resources.
(B13) Operational quantities for prolonged exposures: 44 For external prolonged exposures, the relevant operational quantity is the (prolonged) annual ambient dose equivalent. For internal prolonged exposures, the relevant operational quantity is the 44 The dosimetric quantities relating to the human body can be estimated from directly measurable quantities of external exposure that are termed operational quantities. The operational quantities are recommended by the International Commission on Radiation Units and Measurements (ICRU) and have been introduced by the Commission as follows (ICRP 1991a, paragraph 138) :`There are also four operational quantities of particular interest in the measurement of radiation ®elds for protection purposes. These ICRU quantities, the ambient dose equivalent, H*(d), the directional dose equivalent, H'(d), the individual dose equivalent, penetrating, H p (d), and the individual dose equivalent, super®cial, H s (d) are based on the concept of the dose equivalent at a point and not on the concept of equivalent dose' activity of intake of the relevant radionuclides over the year. In operational practice with prolonged exposures, therefore, the annual dose is taken to be the sum of (i) the time integral, over the year, of the ambient dose equivalent rate and (ii) the summation of the activity of intakes during the year, each multiplied by the dose per unit intake coecients recommended by the Commission in Publications 67, 69, 71, and 72. (ICRP 1993c; ICRP 1995a; ICRP 1995b; ICRP 1996a) .
B.2. Subsidiary quantities for prolonged exposures
(B14) The existing annual dose: In this report, all persisting sources of prolonged exposures in a given situation are said to result in an existing annual dose, which is the sum of all signi®cant components of annual doses incurred by a typical individual in an exposed group of people, from all relevant sources and via all pathways, of a human habitat subject to a prolonged exposure situation. The existing annual dose therefore includes: the annual dose from natural radiation sources; the annual doses caused by the accumulation of long-lived radionuclides released from practices under control; and the annual doses caused by long-lived radioactive residues from previous human activities and from long standing accidental contamination of the environment. Any decision concerning the introduction, operation, and decommissioning of a practice or the undertaking of intervention takes place in the context of an existing annual dose. It is important, therefore, to distinguish between this existing annual dose and the marginal doses that are attributable to the decision to introduce a practice or undertake an intervention.
(B15) The additional annual dose from practices: The additional annual dose is the long-term annual dose attributable to the practice and which is added to the existing annual dose. The existing annual dose can marginally change (increase) as a result of the practice, because a practice may result in prolonged exposure causing additional annual dose over and above the existing annual dose. The additional annual dose is amenable to restrictions during the operation of the practice.
(B16) The annual dose averted by intervention: Similarly, the existing annual dose can marginally change (decrease) as a result of undertaking intervention. An intervention is expected to result in components of the annual dose being averted. This has led to a number of special concepts for intervention that the Commission formulated as follows in Publication 63 (ICRP 1991b, paragraphs 9±12):
F F F doses to the population, F F F estimated for each exposure pathway without taking into account possible protective actions, F F F are called projected doses. The key concept for an intervention is the averted dose for each pathway, which is the dose saved by implementing a protective action. F F F It may be expressed in any of the relevant dosimetric quantities F F F If the interventions are fully eective, the averted dose is numerically equal to the projected dose, but these are conceptually dierent quantities F F F However, it may be appropriate to express the intervention level in terms of a projected dose for that pathway rather than an averted dose. Intervention may not be fully eective, either because the dose has already been received, or because the intervention itself may only partly reduce the total projected dose. The remaining dose from each pathway (projected dose minus averted dose) is called residual dose. F F F the sum of residual doses from all pathways after implementation of protective actions should be kept under review because of the possibility of serious deterministic health eects.' (B17) Thus, within the context of prolonged exposure situations, the existing annual dose before intervention is equivalent to the projected annual dose in a year. The reduction of this annual dose by the intervention is the averted annual dose. A dose is said to be`averted' if it has been averted by a protective action; it is said to bè avertable' if it can be averted by a protective action.
